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ABSTRACT

A method for the simultaneous determination of ibuprofen and its labile, reactive metabolite, ibuprofen acyl glucuronide. in plasma
is described. Reversed-phase high-performance liquid chromatography (HPLC) employed a C,,, column using methanol-10 mA/
triflucroacetic acid as the mobile phase with ultravielet detection at 225 or 214 nm. It is essential that bloed is handled rapidly and
plasma is acidified upon collection prior to freezing. Plasmu samples first are deproteinated with acetonitrile, the supernatant is diluted
with phosphate buffer, and ibuprofen, ibuprofen glucuronide, and ibufenac (internal standard) are initially isolated by solid-phase
cxtraction on C, ¢ cartridges. Upon slution, the residue is evaporated, dissolved and injecled onto the HPLC system. Recovery is 94 + 8
and 70 £ 9% for ibuprofen glucuronide and ibuprofen, respectively. The measurable concentration range is lincar from 0.1 to 10 ng/ml
for ibuprofen glucuronide and from 0.5 to 100 pg/ml for ibuprofen. The method is satisfactory for the analysis of ibuprofen and
ibuprotfen glucuronide from pharmacokinetic studics in humans. The direct determination of ibuprofen glucuronide allows accurale
measurement of this conjugate at low levels relative to the parent compound, ibuprafen, a distinct advantage compared to previously
cmployed indirect methods.

INTRODUCTION [2,3]. zomepirac {4], tolmetin [5], diflunisal [6] and

probenecid [7]. In recent years, an increasing in-

Conjugation of carboxylic acids with glucu-
ronic acid to yicld an acyl or ester glucuronide is
a major metabolic route for the biotransforma-
tion of many drugs, endogenous compounds and
xenobiotics [1]. Some acyl glucuronides bind co-
valently to plasma proteins as shown by in vitro
and in vivo studies for glucuronides of bilirubin
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terest in drugs excreted as acyl glucuronides has
emerged, because they are potentially reactive
metabolites under physiological conditions;
therefore, there is the necessity to study the dis-
position of acyl glucuronides in animal and man
in order to understand various aspects of their
biological action. However, since acyl glucuro-
nides are most frequently highly polar, water-sol-
uble and frequently unstable under physiological
conditions, precautions have to be considered
during their analysis and characterization [8,9].
Ibuprofen (IBP) is a widely used over-the-
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Fig. t. Metabolism of [BP to IBPG via uridine diphosphate glu-
curonyl transterase.

counter non-steroidal anti-inflammatory drug
(NSAID). After the administration of IBP to hu-
mans, 13% of the dose is excreted in urine as its
acyl glucuronide (IBPG) (Fig. 1) [10]. Several
methods have been published for determination
of IBP in plasma [11-19] and IBP and its conju-
gates 1n urine which include the indirect analysis
of IBPG, obtained by measuring IBP prior to
and after hydrolysis of the labile acy! glucuronide
with base or enzyvme treatment [13,19,20]. Be-
cause the indirect methods require the measure-
ment of a dillerence between two assays, the re-
sults obtained are less accurate than those ob-
tained from direct methods, especially at low lev-
cls of the glucuronide relative to the parent com-
pound. A separation of IBP and IBPG using
ion-pairing with cethexonium and UV detection
at 278 nm was reported for the analysis of high
concentrations of IBPG in urine [21]. however,
no validation was provided. Our interest in
studying the disposition and reactivity of IBPG
in plasma required an analytical method for the
direct measurement of IBPG and IBP in plasma
at concentrations below 1 ug/ml.

In the present work, a direct method for the
simultaneous determination of IRPG and IBP in
plasma was developed by reversed-phase HPLC
following a solid-phase extraction. Furthermore,
a method for the isolation and purification of
IBPG from human urine 1s described.

EXPERIMENTAL

Reagents

IBP was supplied by MCB Reagents (Cincin-
nati, OH, USA) and ibufenac was obtained bv a
generous conlribution from Boots (UK). IBPG
was obtained by extraction and purification from
urine using preparative HPLC, as described be-
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low. f-Glucuronidase, type B-10 from bovine liv-
er, was obtained from Sigma (5t. Louis, MO,
USA), and p-saccharic acid 1 4-lactone was from
Sigma. HPLC-grade acetonitrile and methanol
were purchased from EM Science (Gibbstown,
NJ, USA) and Mallinckrodt (Paris, KY, USA),
respectively. All other chemicals employed were
reagent grade.

Equipment

The preparative HPLC system used consisted
of a Pharmacia LKB 2150 pump (Bromma, Swe-
den), a manual injector connected to a 1-ml lcop,
an LKB 2141 variable-wavelength UV delector
set at 225 nm, an Econosil ODS reversed-phase
column (250 mm x 10 mm 1.D. with 10-um par-
ticles) (Deerfield, I, USA) and methanol-10
mM acetic acid {pH 3) (65:35, v/v) at 3.5 ml/min
as the mobile phasc. Chromatograms were re-
corded on a Hewlett-Packard 3396 Series II in-
tegrator (Palo Alto, CA, USA). The analytical
HPLC system used consisted of a Bio-Rad Maod-
el AS-100 HRLC automatic injector, a Hewlett-
Packard Scries 1050 UV detector sct at 225 nm,
an Axxiom ODS reversed-phase column (15 cm
*x 4.6 mm 1.D. with 5-um particles) (Springfield,
VA, USA), a Brownlee Labs, RP-18 guard col-
umn {15 mm X 3.2 mm 1.D., with 7-pm particles)
(San Jose, CA, USA) and mcthanol-10 mAM tri-
fluoroacetic acid (TFA), pH 2.2 (57:43, v/iv) at 1.2
ml/min as the mobile phase. The assay was also
later evaluated using a Waters 441 fixed-wave-
length UV detector operated at 214 nm (Milford,
MA, USA).

Isolation and purification of ibuprofen glucuronide

Urine from a normal healthy subject was col-
lected for 4 h after oral administration of a 800-
mg dose of IBP, then immediately adjusted to pH
3 with acctic acid. After filtration of the urine,
aliquots of 60 ml were passed through a Sep Pak
C,s cartridge (size 360 mg) by using an infusion
pump at a rate of 1 ml/min. The cartridge was
washed with 3 ml of 10 mM TTA, pH 2.2, fol-
lowed by 3 ml of acetonitrile-10 mM TFA, pH
2.2 (80:20, v/v) to elute and collect the IBPG-rich
fraction. The solvent of this fraction was evap-
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orated with a rotary evaporator at 37°C. Urine
extract was redissolved in 20 ml of methanol-
water (40:60, v/v), adjusted to pH 3 with acetic
acid and then the glucuronide was purified fur-
ther by the use of preparative HPLC. Aliquots of
600 pl of reconstituted urine extract were injected
onto the preparative HPLC column and fractions
were collected every 30 s for 30 min. The collect-
ed fractions containing IBPG were pooled, evap-
orated at 37°C to remove methanol, then lyophil-
ized.

The identity of IBPG was confirmed by release
of IBP after hydrolysis with strong base. Aliquots
of the IBPG fractions from preparative chroma-
tography were adjusted to pH 12 with 5 M sodi-
um hydroxide, then heated at 80°C for 1 h. The
samples were ncutralized with acetic acid until
pH 3, then injected onto the analytical HPLC
system. Standardization of IBPG was done by
comparing the UV response on HPLC of three
different dilutions of a IBPG stock solution be-
fore and after the hydrolysis with 5 A NaOH at
80°C for 1 h. The areas obtained from these sam-
ples were compared with standard solutions of
IBP. To confirm that the conjugate was a f-1-
glucuronide, a solution of 20 ug/ml glucuronide
in 150 mM phosphate buffer at pH 5 was incu-
bated with f-glucuronidase (5000 U/ml) at 37°C
for 30 min; as a control f-glucuronidase incuba-
tion was also done with 20 mM p-saccharic acid
1,4-lactone to inhibit the enzyme. After the in-
cubation, an aliquot of 200 pl was taken, then
100 ul of acetonitrile were added to stop the en-
zymic clecavage. The sample was then analyzed by
HPLC. The identity of the metabolite was con-
firmed by FAB-MS.

Sample preparation

A stock solution of 1 mg/ml 1BP was prepared
in methanol. Stock solutions of IBPG were pre-
pared by dissolving 19.5 mg of [BP equivalents
into 10 ml of acetonitrile—1% acetic acid (25:75,
v/v), pH 2. A 1 mg/ml stock solution of ihufenac
as the internal standard (1.8.) was prepared in
methanol and by appropriate ditution with meth-
anol, a standard solution of 80 pg/ml was ob-
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tained. When stored at —20°C, no apparent deg-
radation of these stock solutions was noted over
three months. Standard curves at concentrations
of 0.5, 1, 2.5, 5, 10, 25, 50 and 100 ug/ml for IBP
and 0.2, 0.5, 1, 2, 5 and 10 pg/ml for IBPG were
prepared (concentrations arc stated in IBP equiv-
alents throughout the text). The standard curves
were prepared with blank human plasma bufl-
ered to pH 2 with phosphoric acid (20 ul of 43%
phosphoric acid per ml plasma) to prevent pH-
dependent degradation of IBPG.

Each aliquot of 0.5 ml plasma was spiked with
25 ul of L.S. solution (final concentration 4 pg/
ml), mixed by vortex-mixing for 30 s, then equili-
brated for 10 min at room temperature. Aceto-
nitrile (1 ml) was then added and protein precip-
itation was done by vortex-mixing for 30 s. Fol-
lowing centrifugation in a clinical centrifuge at
1200 g, the supernatant was removed into a
screw-top tube and mixed with 8.5 ml of 10 mAM
phosphoric acid, pH 2. Extraction of drug and
metabolite from plasma was done by solid-phasc
exfraction. The extraction cartridges (Bond-Elut,
Cyg, size 100 mg) were prewetted sequentially
with 4 ml each of methanol, water, then 10 mM
phosphoric acid, before loading the diluted su-
pernatant from the plasma samples. The sample
was loaded with vacuum gravity flow onto a
Bond-Elut cartridge, then the column was
washed with 2 ml of acetonitrile-10 mM phos-
phoric acid (20:80, v/v). The cartridges were cen-
trifuged in culture tubes at 1800 g for 3 min to
remove liquid completely, transferred to clecan
culture tubes, and IBP and IBPG were eluted by
gravity with 1 ml of acctonitrile—=10 mM phos-
phoric acid (50:30, v/v), with a final centrifuga-
tion for 3 min at 1800 g to collect all the eluent.
The eluent was evaporated to dryncss under a
stream of nitrogen gas at 37°C, the residue was
reconstituted into 400 ul of acetonitrile—metha-
nol-1% acetic acid (pH 3) (10:15:75, v/v), and the
sample was dissolved by ultrasonic bath for 3
min and vortex-mixing for | min. Finally, 100 ul
were injected onto the HPLC systern with the
chromatography conditions as described above
for the analytical HPLC system.
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Selectivity and extraction efficiency

In order to determine if there were interfering
peaks from endogenous compounds present in
plasma samples, blank plasma and plasma spiked
with IBPG, IBP and 1.S. werc prepared using the
extraction technique described above, then ana-
lyzed by HPLC. The assay specilicity was lested
by analyzing blank plasma spiked with aspirin,
acetaminophen or salicylic acid at 100 pg/ml. The
chromatograms of these spiked plasma samples
were compared to those of respective standard
solutions of these over-the-counter drugs.

Recovery values were evaluated by comparing
the drug/ibufenac ratio from spiked plasma sam-
ples (IBPG 0.1-10 gg/ml and 1BP 0.5-50 pug/ml)
obtained by solid-phase extraction to unextract-
ed standard curves prepared in aqueous solution.
Ibufenac was used herc as an cxternal standard to
determine the recoveries.

Application

The application of the method was demon-
strated alter oral administration of 800 mg of
[BP to one human volunteer. Blood samples of
10 mi were collected until 7 h after the drug ad-
ministration. In order to minimize the degrada-
tion of IBPG, blood samples were immediately
cooled on ice after collection, plasma was ob-
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tained in a refrigerated centrifuge at 1800 g for 5
min, the pH was adjusted to 2-4 with 43% phos-
phoric acid (20 ul/ml of plasma) and then frozen
at —20°C prior to analysis. Previous in vitro stud-
ies indicated that this procedure minimized deg-
radation of labile IBPG to less than 2%. Quanti-
tation of the samples was done from a weighted
(1/concentration) least-squares regression analy-
sis of the standard curve.

RESULTS

Isolation of ibuprofen glucuronide

The IBPG recovered and purified from human
urine represented about 4% of the dose adminis-
tered. IBPG was 95% B-1 conjugate with the re-
mainder present as isomeric conjugates formed
by intramolecular acyl migration that are resis-
tant to f-glucuronidase cleavage, but susceptible
to cleavage by strong base [22]. FAB-MS con-
firmed the identity of the metabolite. Positive ion
FAB-MS performed in thioglycerol provided
conlirmatory identification of IBPG with M —+
H* (m/z 383) and loss of glucuronic acid to yield
IBP + H* (m/z 207).

Selectivity
Fig. 2 includes chromatograms of blank plas-
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Fig. 2. Chromatogrums of (A} blank plasma and (B) plasma spiked with (.3 ug/ml [BPG. 0.5 pg/m] IBP and 4 pug/ml 1S,
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ma and plasma spiked with IBPG, IBP and LS.
No interfering peaks from endogenous com-
pounds were observed when blank plasma was
analyzed at either 225 or 214 nm. The retention
times of 1BPG, IBP and 1.8. were 9.1, 24.8 and
16.1 min, respectively. Analysis of aspirin, aceta-
minophen and salicylic acid standard solutions
and plasma samples spiked with the drugs dem-
onstrated that these drugs did not interfere with
the analysis as there were no interfering signals in
the chromatogram after injection of standard so-
lutions of these drugs at 100 pg/ml or extracts of
plasma spiked with these over-the-counter drugs.

Extraction efficiency, linearity and variabiliry

Table I shows the recovery ol IBPG and IBP,
respectively, by solid-phase extraction. Recov-
eries were greater than 55% from plasma over
the concentration range 0.2-10 pg/ml for IBPG
and 0.5-50 pp/ml for IBP. At the concentration
employed, 4 ug/ml, the 1.S. of ibufenac was ex-
tracted at greater than 70%. The calibration
curves were linear over the range 0.1-10 pg/ml
for IBPG and 0.5-100 ug/ml for IBP with corre-
lation coefficients (r) >0.995 for both glucuro-
nide and parent drug. Morecover, normalized re-
sponse {peak-area ratio/concentration) was con-
sistent across the range.

The intra-day variability of the methed was de-
termined by analysis of five plasma samples con-
taining four different concentrations for IBPG

TABLE 1

EXTRACTION EFFICIENCIES OF IBUPRQFEN GLUC-
URONIDE AND IBUPROFEN FROM PLASMA

Compound  Concentration Extraction

(pg/ml) (mean + S.D., 1 = 5} (%)
IBPG 10 824 + 1.5

2 100.0 = 2.1

0.5 98.7 + 4.5

0.2 959 1 68
IBP 25 559 +£ 350

5.0 713 £ 53

4.5 748 + 4.4
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and three concentrations for [BP on two different
days. The results are presented in Table 1I. The
coefficient of variation of the method ranged
[rom 2.7 to 9.5 and 4.6 to 13% for IBP and
IBPG, respectively. To determine the inter-day
variability of the assay, the quality control sam-
ples at high, medium and low concentrations of
IBPG (9.75, 1.95 and 0.49 pg/ml, respectively)
and 1BP (30, 5.55 and 0.56 ug/ml, respectively)
were assaved in duplicate on several davs (Table
Im).

The inter-day variability was also calculated
from the slopes, standard deviation and variabil-
ity of four standard curves for IBPG and IBP
which were independently prepared. The slope
values £5.1>. of IBP and IBPG were 0.229 +
0.018 (C.V. = 7.86%) and 0.312 £ 0.014 (C.V.
= 4.49%), respectively, over the ranpe of 0.2-10
pg/ml for IBPG and 0.5-50 ug/ml for IBP.

The minimal concentration tested by the assay
was (.5 pg/ml for IBP and 0.2 ug/ml for IBPG
with a within-day coellicient of variation of 5 and
7%, respectively. The use of a fixed-wavelength

TABLE I

INTRA-DAY VARIABILITIES IN THE ANALYSIS OF
PLASMA CONCENTRATIONS OF IBUPROFEN GLUCU-
RONIDE AND IBUPROFEN ON TWO DIFFERENT DAYS

Concentration CV.(n=5)("%)

(pg/ml)
IBPG IBP
Day !
25 - 3.6
10 8.8 -
5 - 27
2 6.7 -
0.5 6.7 50
0.2 9.0 -
Day 2
25 9.5
10 4.6 —
5 - 9.4
2 13 -
0.5 5.0 59

0.2 7.9 —
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Fig. 3. Analysis of plasma samples from a volunteer (A) prior to the dose and (B) 7 h after oral administration of 800 mg of IBP. The
plasma concentrations shown for IBPG and IBP after 7 h arc 0.15 and 5.71 ug/ml, respectively.

detector at 214 nm was helpful to detect IBPG
plasma concentration of 0.1 ug/ml with a within-
day coefficient of variation of 12%.

TABLE 1I1

INTER-DAY VARIABILITIES OF THE ASSAY METHOD
FOR  DUETERMINING IBUPROIFEN GLUCURONIDE
AND IBUPROFEN IN PLASMA

Actual Concentration Error CVv.
concentration found (%) (%)
(ug/ml) (mean + S.D.)

(pg/ml)
IBPG (n = 6)
High 975 885 L Q.8 92 92
Medium 195 [.83 £ 02 —6.2 .4
Low 0.49  0.50 + 0.04 20 8.0
{BP (n = 4)
High 30,01 30.8 + 3.0 2.6 9.9
Medium 555 60 +£04 8.1 7.3
Low 0.56 0.51 + .07 -7.6 13.2

4 Error = 100 % (concentration found — actual concentration)/
actual concentration.

Application

Representative  chromatograms of plasma
samples analyzed [rom a volunteer collected pri-
or to and 7 h after IBP administration are shown
in Fig. 3. Fig. 4 shows the plasma concentration—
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Fig. 4. Plasma concentration—time profile of IRPG (5} and IBP
(@) trom a volunteer after oral administration of 800 mg of 1BP.
The inset shows the plasma levels of IBPG which are presented
as IBP cquivalents,
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time profiles of IBPG and IBP of this volunteer.
The results indicate that the plasma levels of
IBPG arc around 2% of the 1BP at every sam-
pling time. The concentrations found during the
study for both compounds were in the concentra-
tion range validated.

DISCUSSION

The data indicate that this analytical method
for the determination of IBPG and IBP is ade-
quate for disposition studies of 1BP conjugation
in humans. The validation parameters showed a
quantitative recovery, minimal chromatographic
background, good intra- and inter-day repreduc-
ibility, linearity over 0.5-100 ug/ml for [BP (con-
centrations observed after normal therapeutic
doses), 0.1-10 pg/ml for IBPG, and limit of de-
tection of 0.1 ug/ml for IBPG. Satisfactory col-
umn performance was maintained over a two-
year period with frequent use. Though retention
and efficiency of the column did decline slightly
over several years, selectivity of the three com-
pounds was unaltered.

This method utilized lower wavelengths of 225
and 214 nm for the detection of IBP and IBPG
than previously employed {278 nm) by Liu e al.
[21] for the analysis of urine. The use of lower
wavelengths which improved detection limits al-
so neceessitated more selective sample extraction,
as it was found that liquid-liquid extraction, as
previously emploved by Liu ez af. [21], was not
satisfactory when determining IBPG in plasma at
concentrations below 1 ug/ml. The use of a wash-
ing step prior to elution of IBPG and IBP from
the solid-phase extraction cartridge was essential
in providing a chromatogram with less interfer-
ence for IBPG at the low levels measured in plas-
ma.

In order to elute both IBPG and the much
more lipophilic 1BP in a reasonable time without
gradient elution, reduced selectivity of drug rela-
tive to melabolite was achieved using a mobile
phase with TFA at pH 2. This low pH provided a
selectivity of 1.6 for IBP/IBPG, very similar to
the value of 1.32 obtained with a more complex
mobile phase based upon ion-pairing with ceth-
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exonium at pH 6 [21]. Moreover, acyl glucuro-
nides as 1BPG are more stable at low pH where
acyl migration and transesterification are mini-
mized [8,9,21].

Because acyl glucuronides are unstable and un-
dergo intramolecular acyl migration under physi-
ological conditions, precautions have to be taken
to maintain an acidic pH in plasma samplcs in
order to minimize the IBPG degradation during
sample handling and storage. Such precautions
have been mentioned by other authors as being
essential for the accurale measurement of labile
acyl glucuronides [8.9].

The applicability of the assay was demonstrat-
ed by a preliminary study of the plasma concen-
tration-time profile of IBPG and IBP in a normal
subject. The results indicate that the plasma lev-
cls of the acyl glucuronide metabolite are approx-
imately 2% of those observed for IBP. Due to the
low IBPG plasma concentrations relative to IBP,
this direct analysis has advantages over indirect
assay based upon measurement of the difference
in IBP concentration after enzymatic or chemical
hydrolysis. Although there is a report where IBP
and its R,S-glucuronide are analyzed simultane-
ously in human liver microsomes by HPLC, it
requires a gradient for the mobile phase and drug
extraction from the sample was not necessary
[23]. Because of the low IBPG plasma levels
found in this study, a sensitive assay after an effi-
cient and sclective extraction of IBP and IBPG
was required. Liquid-liquid extraction was at-
tempted, but the organic solvents investigated ex-
tracted endogenous compounds which had reten-
tion times similar to the retention times of IBP
and IBPG. Because the extraction efliciency and
selectivity of the solid-phase extraction were par-
ticularly suitlable and because solid-phase extrac-
tion had advantages over liquid-liquid extrac-
tion, the method reported here allowed simulta-
neous determination of both parent drug and po-
lar metabolite.

In cenclusion, the HPLC method presented is
direct, simple, selective, reproducible, sensitive
and linear for the simultaneous determination of
IBPG and IBP in human plasma and is adequatc
for clinical studies. The assay is also applicable to
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in vitro experiments, such as stability studies of
[BPG and its covalent binding to proteins.
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